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ABSTRACT 

Presented are two studies examining effects of using 
expressive writing in the science classroom. The first study, 
"Writing to Think About High School Chemistry," was conducted by a 
nigh school English teacher who enrolled in a high school chemistry 
course. The course was typical with the exception that students were 
encouraged to keep a journal in which they were to write whatever 
they wished, or whenever they were confused or the teacher thought 
they had gone over difficult material. Analysis of three student 
joui lals (including the author's) indicates that writing provoked 
these students to reflect on their own thoughts, take responsibility 
for their own learning, and begin to raise and answer their own 
questions* The second study, "Using Expressive Writing to Teach 
Biology, 11 examined use of writing assignments (reading logs, notes, 
practice essays, summaries) in two high school biology classes. It 
was predicted that writing encourages students to think about subject 
matter and to discover and clarify points of confusion. Although 
posttests showed generally similar levels of achievement for 
experimental (N=69 ) and control (N±=67) groups , the experimental group 
appeared to do better on the delayed posttests. Statistical analyses 
were not reported, (jn) 
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Preface 



Ihere \u< been nueh talk in recent \c;u> ahout "mm tine across the 
curncuhu.i," Ihe ^tudio> ui tin* \olurie offer evidence to support the 
belief that uritm^ can indeed aid student learning, In then, tuo teach- 
ers explore the question of the \aluo of usinn personal, expre^no 
itritiru: in teaching In^h school >cjenee, lach uent ahout stud\ n^ the 
question in a vei\ vJtfiVrent uav. 

\mi hotriih,, an hiUidi teachei t enrolled in hub school cher^m f 
si com>o she had nuei piewou^U taken. >he usod vdut sho call> 
' ■ to ^-i-t her oun kmnimc m the com*e« nnJ she uorkeJ turn 
other student* to -.hou then ho^ to uso the technique and report then* 
^3vco-ses t jsU failure* fcirh it. 

Robert Iieniev, ,l MoIol^ teacher, enlisted the cooperation of ,i 
colleague iit ^etuac u: a r«otx tiaditunial "jcthoJ <uuU iKim: experimental 
and cnntivl .joup?^ 1[] exper u ten" al ejom> t taught for unc unu h\ each 
teacher, student^ wrote dulv about their learning in a \arietv of t~^r r i< 
for a \ u ieU of judicnvV*. 

lae cone lus mei- u.u.hed m hot], tho*r -tudie^ haw* mp] jcat ion-* , not 
ii;erel\ fn| M^ikc n jj}u^ f hit fo- all te.uhci- nit ousted in f iik! jtsu 
ua\> to hoi;' student * Nmiii potentially dn'licnlt MiK'cot natto in ane 
-armvr, 

.Jame? Gray, Direet^r 
Ba^ Ap-.x Writing "Vo.V.-t 
"zhocl of Eiu&xzion 
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Writing to Think About 
High School Chemistry 



.Anne Miller Wotring 



INTRODUCTION 



"Writing to Learn" Across the Curriculum 



The tenji "writing to loam" includes any kind of writing which is 
done by ;i student in tne learning process It includes the notetakmg 
at the presentation of the material , tlie written work on a homework 
assignment, and the written answers on test questions, ftlucators have 
used writing in those ha>s for years although it hasn't been until 
recently that they realized the importance uhich writing has for their 
students beyond expediting t l ie evaluating of students through their 
written efforts. Most teachers kno^ tluit the activities of reading, 
listening, talking, unJ writing are all crucial to their students 1 
ability to understand, 

Recently, writing researchets have gnen the phrase "writing to 
learn 11 ;i more particular meaning. They have seen how students learn 
by writing freely and personally about the subject in their own wards, 
;md using their oui experience. They suggest that teachers need to 
offer their students manv opportunities to write in their own terns in 
a noin;r^ded atmosphere about a school subject,* In wp[t*,Kj anJ foaming 
-.v\v t h* .>r;/^ (Wiit^ the authors suggest "a personal log book" 
or "diary" as a neans for offering students "expressive" writing ex- 
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sane pu/po^\ 

Last Mjj'jiiyi when lyvet Pat l>\\rc>, co-author of t 1 tu> about 
to es^urk on a ^titin*; uvejteh project. She suggested that it' she tiad 
the oppuitmutv , .-hv uuuld join a elu^ of Inch school >tudents .studying 
i -ubu-ct -he\l 'lan taken and in which ^hc didn't ha\o an "aptitude/' 
V- a -tudent Mje uoulJ keep "a personal lot; book" hhilc she learned, 
hi addition she* would observe other >tudent> in the class who al>o 
urote to learn. I was fascinated with the idea and knew just idiut 
object I wanted to ^tudy, luth lV\uv*^ blessing and j promise tlut 
1 tvould let her know uhat happened, 1 became the only 2L^year-o]J 
student m i hi^h school ehe ¥ ik-tr> l la^> and >ct out to discover nha t 
iuppen- wsteii >Hulents mt^ in pei-onal torn? about hi^li school chemistry. 

1 had b'een led to belief earh m :'i> school career that science 
and 'Mth uere not i'or nu* I haJ no "aptitude 11 in these areas. I did 
not take Jie:u-U\ in hit;h MjhcoJ Ixxuu^e I hud been com meed that it 
would be tou hard and that 1 would do poor I\ if I tried. My mother ^ot 
a M P M in it. I took biology ana "larth Science" to complete m\" science 
-MUuation i e (Uiienent- in both hi^h school and college. I secretly 
liked the i both, and ^eereth 1 hi^hed I could know t*hat chemist r> 
.ill about. Mien 1 umIizvU that hv doinc research about writing 1 

jit ^et a -e%und chance to &o back to lujj >Jioo] and take a subject 
[ had aluu.-* ken ^uiiou^ about but hadn't dared take, that the made 
would not juttet , and that I would ha\c plent\ of e\ui>c^ Tor doing 
pooi'h, I was vjtre-tiv excited. 

My Research Constructs 

) 

^ farulvn Uwllee, a tolieuue at M>uth lako> lii^h >ehool, lanfa*\ 
iouxit\, \n:inia where 1 had tiu^ht IjilIi^Iu entliu -ia^t jcjI lv .j^reed to 
let become student in bet foutth pel iod UienL-tr- ^ la->, I attended 
i.E L i 1 ^ , hud a Uh partner, did the homework, took the te^t-, received 
oracle-, was known by n> uv^t narie, and called the teacher he her last. 





I has a high school student again. Nty husband received ins report cards 
in the null and a >torn call from the associate principal, m\ long time 
friend and colleague, idien 1 cut elites one Jay. 

Carolyn also agreed to a>k and encourage eauh student to keep what 
i*o Called interchangeably a dial) oi a journal in idikh each uould keep 
hi* thinking about chemistn. la^h uould include an^thbn, Lie had read, 
heard, or done in class as uell a> any related thought fiom his expe- 
rience. The students would uiitc whenever thov M>hed, oi whenever the 
teacher thought he JujJ none over difficult or cojuumiu; Niatetul, 01 
whenever 1 1 as a student of chemistry ua> confused oj felt the noeJ to 
write. 1 kneis that bee* i u so o f fl iv bae kg i ound i n w r 1 1 i tig f I ivou I d mo r e 
naturally giavitate to pen and paper than the other students even 
though the> mi^ht be ju>t contused about cheiuutry, I aAed Carohn 
to direct the Mitings, whether the) here initialed In me or her. I 
wanted her to make the assignment:* bevau>e \ atotmed the student > might 
he more inclined to Jo their, at hei instinct ion tlun at the infraction 
of a person who just another student in the class. 

Although Carolyn "directed 1 * the journal writing, she agreed she 
would not evaluate nor penalUe students who did or did not uriu, 
fact, she didn't read the jounuU unless a student regue>ted her to 
rhe student decided if lie Mote and what he wrote, and kjiev, that I 
would hant to rend his .journal for mv research. 

I quick!) di^oveied that [ didn't hem? time to he both a researcher 
and l cknistr> >tudent at the same tune. I tried very hard, to do both, 
to keep up with my omi journal and the homework and lah^, as hell as to 
read the student dial each week or tw and to t.ilk to them about 
their writing I Miuph didn't haic enough time or energy, so I dec hied 
to relax and enjo> leaning and ivntimj about chenustt> without homing * 
abjut t wa> happening to am one eHe. I knew there i*oiilJ he time 
later to observe what happened to the other >tudent*. 

Ihi^ pipej focu^e* on the experience of two **tudont^, Laura and 
hr. \ description of nv e^penejice iVHi>w> in the cohcUkiok The 
s initial c\perieu % o of twn others, h'ii and l'uia t aie omit fed frotft this 
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paper. Jim'* thinkbook has misplaced, and Piera's personal discovery 
of chink-writing two years ago in addition to her cheini>try writing 
deserves to bo the topic of another paper* 

Formulation of My Question 

I used the descriptive research model of Donald H. Graves, Director 
of the Writing Process Laboratory at the University of New Hampshire, to 
ask and answer my research question: "What havens when students write 
to chink about high school chemistry?" >ty original question had been, 
"What happens when students ^ritc ~o ham about high school chemistry?" 
However, in the course of doing the research, I came to see that the 
phenomenon which I observed in four students and Experienced myself was, 
in fact, very different from what my original question was asking. 

Mien we discussed the chemistry writing, the students and I never 
called it '"writing to learn." I most natural 1) referred to it as "fig- 
uring out writing/' Tim told me about the "get inter it writing" he'was 
doing. Laura said she did "write it out writing." At times, kc also 
called it "getting it straight writing," "rough writing 1 ' Iwhat led**}' 
Roosevelt did), and "practice writing." A** Su'anne Langer notes in her 
work Ph'lo^ophif a tew K*>j^ the correct v*oid by nature symbolic 
and powerful in meaning. I realized 1 had to revise the term I had 
adopted from In the process of writing about my research, I came 

to see that no matter what we had called it, no material got "figged 
out," "straightened out," or "gotten into" by the writer, unless he has 
thinking about his material. 

people have written to learn for years. They find thev can acquire 
and retain information if they write it down in their own hand. Some 
people take notes for thi* teuton, -md other> write qu\ everything they 
know so they will remember it better. Rut thinking is not necessarily 
part of this acquisition proce^. In addition* we commonh misuse the 
word "learn." Ar the dir*nei table children ntualistically tell tlieir 
parents fchat thev "learned" in school, what thev mean a> "weie presented 
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Kith," But presents tion is only the first step in tlie learning process, 
Simpiistically, after the student 15 presented with the material, jio 
must do something with it before he can loam it. He may memorise it, 
or he may physically work with it, but no matter what activity he pur- 
sues, his participation precedes the acquisition of knowledge. By the 
same token, the activity of thinking comes before learning is acquired, 
Writing for us was the visible physical activity of chemistry thinking 
which was going 011 invisibly in our heads. As we wrote, vre could 
what wo knew about it, hTiat we saw in our writing were questions we 
J^ad; that is, wc knew what we still needed to know. Or what he saw in 
our writing were answers; tluit is, we knew what we knew, 

I use "thinkboofc" in this chapter to denote the book in which we 
wrote about chemistry for the saino reason I revised my question. In 
the case study scctions^Tim and Laura refer to it as "journal" or "diary' 
because at that time*we didn't know the new term. Students associate 
journals with liiglish teachers; we, were writing for chemistry, Diaries 
are for personal thoughts; chemical ebneepts are not personal. Note- 
books are for recording tK teac^fes words; we were usiny our own. 
Logbooks arc for keeping records of information; we weren't recording. 
Writing Book is vague. Pr^ctice^ Bcok and Workbook imply drudgery; what 
wc were doing was often invigorating and refreshing. 

1 believe that the redefinition of "writing to learn" to "writing 
to think" will be of great interest and help to writing researchers, 
educators » and students alike. It forms the basis for my future research 
in the field. 
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LAURA 



"'I t 1 s usually better for me to [write] 
at night, after. ..all that*.. .has time 
to rest.,.. I can think a lot better." 

M l just started writing the things 1 l 
didn't understand.,.. 1 started" 
writing questions. t . [which *ere]\^ll 
specific,... Then T brought them up 
to [the teacher] and she could answer , 
* them tor me..,. That way ail my , * 

questions? were cleaved uj>, M 

"Some of the questions I would have 
never thought of (if I hadn 1 t' writ ten] 

"1 found that when it wartime to study 1 
[for a test] y there really wasn't much 
I had to study because I knew every- 
thing." 

"If 1 did take the time to write it 
out, the confusion would be (resolved] 
or I would -have question? to ask [the 
teacher] tomorrow. 1 '. 



h Laura worked hard in all net; subjects, /In most classes she received 
superior marks. Chemistry was her most difficult course, and she worked 
especially hard and received anywhere from belc* average to excellent- — - 
daily grades. Her favorite subject was Uorld Civilization, 

From her first entries it was evident Laura trusted me and was 
comfortable writinc to mo; "Ihcrc ha\e been many tilings I have learned 
so far in this course. As I was watching the cutuAlc burn in lab 1-5, 
I remember thinking hoi* dumb it ww*. To tell the truth* I thought that 
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Mrs. Lara 11 ce was a' 1 it t- * strange for making us do it*" fn a<kli t lou 
to hot" truthfulness, Laura carefully maintained perfect punctuation, 
handwriting, and sentence structure* Anything she crossed out, she 
evoked jut neatly with a perfectly ^tmight line through it. Her only 
cross-cuts were made at the completion of her effort, to edit out gram- 
matical errors she made in the course of writing. For example, in the 
firs rewriting she crossed through "was" and elianged vt to "is," making 
the entire writing in*fhe present tense, and she crossed through an 
improper nominative pronoun "l" and changed it to the objective '"me." ■ 
Laura explained later how she felt about doing the writing: 

In the beginning, I thought it «a$ 

tlie dumbest idea in the world. \ was 

really mad, and I didn't want to do 

it. [But].. .ycai and Mrs. Lara! lee 

were really insistent* so I figured 

'oh well, I'd better start writing.' t 

f was really hesitant to write 

because I knew you were an English 

teacher.*.. I felt like it was an 

added thing, where the writing would 

have to be perfect. 

But Laura wrote because she thought that she should participate in the 

research project which ner teacher and 1 were encouraging her to do. 

By the end of the first quarter, Laura was very frustrated with 

chemistry anJ writing* "Everything I was writing wasn't helping me at 

all." She was writing to me and for me, as the researcher, about what 

she was learning in chemistry and how she felt about the class and the 

tests. Laura missed an lf A*' that quarter by one point. "I was kind of, 

real upset about that 11 Kith a fresh grading period beginning, 

fciura vowed to work for an "A" the ne,\t time. She still felt that I, 

as an English teacher, could not help hut silently evaluate her as I 

read wJrat she wrote* She liked me and wanted me to like her and respect 

her in tell igenco. kmra felt encouraged by something ! said. "You 

kept telling us to start writing what wo learned and wh,n [we] didnU 

understand. 1 ' 

Kith her overriding desire to learn the material so *he could get 
better grades ;mJ a notion that it might he acceptable for her to 



actually write down tiring she didn't understand, Laura used her think- 
book to wo;k through some metric ^onveision problem the class was given. 
She did her scratch work in the book she had previously reserved for 
writing only the things uhe ys sure of. She bad no idea of whether 
she would be able to do the pioblems* Her caution in anting has evident. 
Her eailier entries here in pen. The metric conversion problems were 
in pencil. She wrote with the securit) of knowing that she could erase 
anything which was too wrong or too mcssj before I ever read it. 

This writing (reproduced on pp. 16- D showed the first evidence 
that she was writing to herself for herself. It looked quite similar 
to the writing a math student doe> to "show his teacher his work;" 
however, the difference wat* tbat Laura wrote all the thoughts going on 
in her head* not just tho>e uhich relate^ directly to the product of the 
problem. She wrote uords which uere extraneous to the product of the 
problem, the words of thought uiie uat> thinking to herself and for herself 
a& she worked through and sohed the problems, Tliey were the clue that 
jh- 1 w* + 'rij *c 3> m *d for *'\ 

Laura ber % an the metric comersion problem by writing uords of 
encouragement to herself. Her encouraging \oice got her started by 
saying "oka) She wrote the conversion formula? as she had memo* 

ri:ed them. She congratulated herself b> writing "So far so good 
\Oh She proceeded to figure out the first problem by writing out 

the steps of her thoughts When the problem was sohed, she exclaimed 
on the paper, "1 did it!" Liura turned the page and started another 
problem* When it, too> was solved, she did another. Vs i th two mom com- 
pleted, she hep an to feci more confident and wrote, '*! think I'm catching 
on/' She copied another, more complicated tlun the others Again Hie 
couldn't help hut e.wlaim to herself abou; her ability to solve equations 
she had thought ueie impossible. After woiUn^ through one more, >he 
felt confident enough to stop, She felt she could do am of them now. 
She reali:ed, though, that she still hasn't confident altfiut "rounding 
off" numbeis, anJ so she wrote a few ieraindcr> to herself* u L th rhe>e 
recorded on the papei and in hot minU> >he confident h chiJeil herself, 
,r l better pas> this Jmnh quic Don't fmt;cr' M She LOinpteted the writing 
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by outlining to herself rules for determining the significant figures 
in an equation. 

Laura's caution in her first think-writiiig entry carried over into 
her next, but in a different way. When she was confused 3nd frustrated 
with her inability to understand, she often asked the teacher for help. 
But she wasn't always able to teli the teacher exactly what it was that 
she didn't understand. The teacher was frustrated, too, with general 
statements of non-understanding. 



Whenever I went up to Ms. La vol Ice... 
and said, 'I don't understand/ she 
couldn't help me. . .because. I didn't 
tell her vhat I didn't understand,,.. 
So, I started writing questions 

down I just started writing the 

things that I didn't understand and 
then I brought them up to her, and 
she could answer them for me and i 
could just. ..write them out..., That 
way.., it was all specific and all my 
questions were cleared up," 



laura wa$ delighted to find that she could write questions she 
thought of on her own about her own confusion. "Some of the questions 

\ would have never drought of When I went home and thought about 

it, new questions came up f and 50 I would just write tho?e down." 
Before this, she hadn't realized that she Ziacl the ability to ask the 
questions which could help her understand the material. She didn't yet 
have the confidence in her own ability to attempt to answer the questions 
for herself. She was st-M convinced she needed the teacher's help. 
She wrote the questions ..iiich she had discovered on her own and for 
herself so that the teacher could answer them for her. 

In a few week;; Laura was taking complete responsibil tty for her 
learning. Not only was she still discovering and asking hev own ques- 
tions, hut she now had discovered that she herself could often answer 
the question? she posed. She realized that writing helped her understand 
the material. 

Laura wrote the entry on Thomson (reproduced on pp. \"*ZiU and 
electrically charged particles with the confidence ilmt she would be 
able to figure out tho material on her own. She knew that if some of 




the material tailed to make sense to hei > she could always ask the 
teacher for help- 
She began the entry with a reminder to herself which had great — 
significance for her. She underlined "particle" four times and ended 
the >entence with three crimination points. Then she got into tho mate- 
rial which she needed to think about. >lie ke\ word for her was "Thomson/ 1 
ihe reader can actual 1> .^ee and hear her thinking here. She wrote the 
name and paused and thought to herself, "Okay," what do I knou about 
Thomson?" Writing "okay 11 gave her time to think. She wrote the first 
thin^ which come to mind: M l!e did an experiment with a ball." That 
triggered her thinking about the experiment: "If the ball Is charged," 
and 50 on. She told herself what happened m the experiment. This 
caused hei to wondei wh\ that >hould happen. She asked herself "uhy?" 
and answered herself* 

In thi^ entn Liura was no longer concerned with perfect prose. 
I aura knew the iule> of gi aroma i L l enough to know that "Because elec- 
tricity interact > with a magnetic field" i> a sentence fragment. But 
she was writuig fast, concentrating on chemistry and was not thinking 
about the rules of granun.ii at this time. She was onl> concerned about 
getting her thinking out on paper, not with demons rating her knowledge 
of "proper writing/* 

At the .*nd of I 'fie I* she exhausted her tiani of thought- and paused 
again to write the "okav" on line 13 and begin >orae new thinking. She 
uondered about' the variable* involved in t lie experiment. She answered 
her question (lines 11-1") only to realize that she couldn't follow "so" 
with a conclusion from t he information >hc had. She realized that she 
had forcotteri about a ke\ occunence in the experiment and couldn't yet 
dr.iu the conclusion which jd.e had been told icas the eoneet one. Because 
she vaS\writ ing while she wn> thinking, ?]ie .■ h where >he nn** jumping 
to the coiklUMon too^uickh. Oil lines T-1L 1 she parenthetically re- 
minded herself tluit >1 ^ "forgot about deflection/' She began ;i section 
on deflection. She dnided her thinking into actions like paragraphs 
except her indentations were reversed. l-*ch section dealt with <*i new 





idea- 



She defined her understanding of deflection on lint-* Ii>-J<J and ex- 
plained hou it related to thomson's evpemnenr. She kas evidently de- 



lighted uith the information she had ab* njt Ihomson and deflection because 
she felt the need to exclaim about ubat a "Vtsurt guy J" he &as for dis- 
covering that deflection ua> "the arc of a perfect ■*irLle r " Ujth the 
exception of the "O.K.'s" and Use reminder at the top* Laura often used 
parentheses to enclose the comments she made to herself jbouf uhat <he 
wis thinking. She itwn tied at the scientist's uork and stopped herself 
uhen, she refilled she had focjjotteu something nnpoitant umeh <he needed 
to write about so aU^the data made sense together, 

^avc her another eluncc to pau>e and recap in her thinking 
before she plunged into the nexr ideas, lines 25-;" t*ere her first 
attempt at putting tuccthet the in format inji >hc- had laid our in the thive 
previous section^ She took a <tah at making the connections Hie >nin- 
nu she hetvm to MUe, she realized the material couldn't wake sense 
yet. ^he urote, "Suit, that doe>n r t nuke sense," the thought > a per>on 
sometimes ^ays out loud idicn >ho realizes that the idea uhich seemed to 
make sense in hei head doesn't make 'sense uhen she >ays it, .Just as 
tha** terser: might try to rethink out lmtd, Laura attempted! to ^et it 
straight on paper. 

f;i«r;j kneu it uas okay for lier to let line> 25-2" stand and didn't 
v take the time to put >ciatch naik> through them. She trusted the writing 
to knou that the important thin*» ua> for her to go on and write some 
more* not to take the time to cross out uhat she had, She realized her 
purpose for hritim, uas not to read and under >t and latei on vdiat she had 
written, that once she liad untten and gotten it all straight, tdie 
wouldn't need to ha<k and rend it later rVcau>o slic uoutd already 
understand' t fie in format ion. 

Mth her new attempt at puz2limi it out, she felt closer to under- 
standing and thought fa>tei t n>ing shoi thand ajrou ,>iiiial> to iepie>eiu 
"increases" and "decrea>e^," hlidt >iie said on lme> ."n-Si seemed to 
make sense to her , but she unnJed to tr> the idea atMin y thU time jn 
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other words, which were signaled by "01" in line 32. She wondered why 
deflection decreased. 

Between lines 30 58 she got the iuea straight and even drew a dia- 
gram to /• t even better how deflection works. In the next two sections 
she tried out her idea of deflection b> setting up two hypothetical 
problems which *he proceeded to woik through so thai they corroborated 
the idea she had set forth and agreed with each other. Again, she left 
the sentence fragment in lines 41-43 and the "than" on line 40 and 45. 
Laura knew the difference between "than" and "then" but couldn't be 
concerned is i fh pursuing letter perfect prose when she u;ib more concerned 
with pursuing her understanding to its end, 

Ac line she needed to recap what slie had just learned from 
writing out the hypothetical She listed the lour variables involved. 
Then it occurred to her (lines 56-57) that there was one more variable 
which was kn^wn, and rio she noted this. 

Then she wrote from her notes the exact words about deflection the 
teacher had given in class lecture: "Deflection is proportional to the 
charge of the particle and the strength of the magnetic field," As she 
WTote each word, she thought to herself "do I understand?" and, as she 
understood, she continued to wTite. With the writing of these words, 
Laura checked to ^ that, indeed, her own train of thought and language 
had led her to the same conclusion* She sjj that the teacher's words 
fit into her understanding of the experiment. The teacher's words, 
succinct and to the point, now made sense to Laura because she had placed 
with the ideas in her own order and way. 

On line t>3 she wrote the equation which represented the idea ex- 
pressed in 59-62. In lines 64-60 she copied anothei passage from her 
notes as if to sa> r Vcs, I understand this ide;i now too, rhese words 
make sense to me." So she wiote the equation which represented the idea. 
Then she combined the two equations, as she had seen done in classi 
But till? time, <->-'- did tlie combining, not the teacher* She could do it 
not because she had seen the teacher do it in class or because she had 
committed it to mercor> , hut because &he Kid worked it through herself. 
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She hois the tuo equations corresponded, 

With the epilations ui place, both on the page and in LumiS head 
and in complete harmony uth all her other information, >he prepared a 
Little qui; for herself. She kneu each question un> .in important one 
to ask. She ]XK<ed thc^e quest ions, 'not because she kneu the answers, 
but to sec '/she did. If she didn't, she knew she uould have to get 
help. But by the xitue she had completed writing each question, .--h* 
-.-he >K,rj the answer. As she sau that she could answer each, she did. 

After the questions, on lines 76-73, she replaced the conventional 
question mark uith an arrou uhich points the was to the ansuer, a£ if 
to say, M | can ask the questions and I can also ansuer than!" These 
arrows reveal her delight at her ability to understand chemistry. 

Mien.. a teacher delivers a lecture, he presents lr> own experience 
and kn#>'ledi;e of the subject. When a student hears the lecture, he 
applies his Own experience anil knowledge to the material presented. 
The teacher's idea> and order of presentation ma> be completely different - 
from the student 1 1 o\\\\ ideas and nwn of thonuht. It is difficult for 
hki to listen to the. 1 ncu ideas and at the same time to relate them to 
his omi ideas, Until Utura let the old and neu ideas in her mind flou 
out, Ik- seen, and mi\ together, she couldn't assimilate the ideas so 
that all the information was? in accord. 

During the first quarter, she had followed her u^ul study habits, 

uhich meant she kept up luth the material lequhcd on the day-to-da\ 

uorksheets, labs, qui:;e>, exercises, and homework. Mien, as Luna 

told it, "(on] the ni^hi before a test, 1 [had) to cram for everything 

and memorize everything." frit in chains try, Laura found that 

when I (urotej down every single day 
what I learned, and I understood eiory- 
thnm every day, 1 found that vdicn it 
ba.-i time to study [for ;i test] there 
really uasn't much I iiad to study he 
cau^e I knt-is e\ crvthinc , . , ■ It 1 '*; a lot 

caster doin^ It thi< uav I hi s 

quarter in this class I haven't 
had to [cram or- memorise I oiKC tt .. 
But von base to do it dav bv-daw . . , 
I. very single day yon do base to 
understand that's uoin^ on, 
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Laura *liad come to realize she didn't have to spend her energy 
craving everything and memorizing everything if die spent her energy 
thinking :i bout everything as it was presented. Previously, <hc luid 
never actually thought about the material presented in chemistry because 
she never realized cr. eouZJ think about it or really understand it. 
in other word*, not only did the writing enable iter to think about a 
subject which waj difficult for her, but it also enabled her to under- 
stand it. Hat even as Laura told me ton she no longer had to cram to 
suidv on the night before a test, shouldn't yet realize or understand 
that by discovering and asking questions about the material day-to-day, 
she -sac studying. 

\s the class progressed and Umnt continued to write, she began to 
read over her writing before a tc&t and found tliat even though £he 
didn't cros> out things which she knew wore wrong at the time she wrote 
them, she could ^tUl tcU Ashich tilings were right <md wljich ^ere not. 

Eventually she changed her review hahits. On the night before a 
test she would write 



in my diary just everything 1 knew, 
1 didn't even look in + my notes, r 
wrote everything I taicv, and then, 
J checked my notes to see if I'd 
left out anything or if everything 
I'd written was correct and it was." 



She rcaii:cd that the writing sht- did in her thinkbook was important 
for thinking about and figuring out chemistry. But for the purpose of 
reviewing /or a" test, *hc found it more helpful to read o\o\ her-notes 
from the lecture. Nil- notes organized the matt-rial in the most succinct 
and understandable ua> and wcrt a*ie« for her to^iead than to take t)ie 
time to read her writing. The '*.-f, , ^ , /? 1 -,-*,a- *;* - / -^v^*-: 1 
fbr her in being able to use the teacher's notes. 

Laura found that the class time »he uas gi\cn to urite was unsatis- 
factory for her jmrpose^. 



Jlen minutes in cht.<s| u^uallv 
doesn't give me enough time he- 
Cau^e it takes a loiwj time to 
think. ... facials, I seem real H- 





confused and 1 don't liave every- 
thing straight in my mind It's 

usually better for me to do it at 
night after [class) because ,tU 
that, that {tlie ce^cterj said, has 
time to rest. And I can chink 3 lot 
better. 

Her reasons revealed uhut happened to the information she had taken into 
lie*" brain while £he was in cla,ss. She could tell that her brain needed 
a chance "to vest," to mull the information about sub, onsciously until 
L -a little while later when it would be able to process it. To borrow an 
analogy from Pat D'Arcy,^ this phenomenal is much like the process of 
photography. An image is made on the film when a picture is "taken" 
and is then "developed" over a period of time and under special condi- 
tions before it can become clear and forever-captured. For Laura, it 
took time ant! special conditions for the information she had been pre- 
sented with in class to develop in her brain before it became clearly 
formed and not easily forgotten. 

Laura discovered that she didn't have to write every day. She only 
needed to write over the period of time new material was presented. She 
collected the material in her head until she felt she had enough ideas 
which needed to be thought about and connected together, Laura explained. 

Last night I didn't do [the writing) 
and I still.*. haven't thought about 
what she said yesterday at all, so 
I'm still really confused about it. 
But I know that tonight, if I did 
take the time to write it out, the 
confusion would probably be [resolved], 
or 1 would have questions to :tsk her 
tomorrow . 

Laura's confidence in her ability to "write it out" and either, he able 
to understand the information or to ask question* about it is rpmarkable • 
for a student who had little confidence about learning chemistry in the 
beginning. She know that if she wrote she uould be able to undeistand 
the information* 
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1 km = 1000 m 
\ \m ~ 100 in " 
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just remember to plncc the 
units in the right order so you 
can cancel out. Remember 
to so up to major unit if 
necessary $ then proceed, 

I better pa***? this dumb qui: 
Don't joryet! 

All digits are sig, figs 
All zeros between ;jrc 

All zeros after a Ei after a 
dec* una 1 are s f i^s 

AU zeros after ;i * f r . before 

a dec iimi 1 are f it*s 

u = micro 
um = micrometer 



tion't forget to pretend 
that the Ivil 1 is really 
a particle! ! J 

Thomson - N 

0, K. Me did an experiment 
a ball ^ magnetic field 
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If tlic Ixil 1 is charged, there 
is a greacer attraction 
between the ball 5 magnetic 
field, U1iy? Because ^ 
electricity interacts w/ a 
magnetic field- 

O-K- What if the mass of the 
ball was changed? The 
magnetic field would have 
a harder time attracting the 
ball. So «- (1 forgot 
about deflection) 

Deflection is a change in 
direction, Thomson 
found in his experiments 
that deflection was the 
arc of a perfect circle, 
(Smart guy!) 

Now =s> As the ball w/ the 

larger mass goes through, 
the deflection goes down- 

ft'ait, that doesn't make 
sense. 
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As mass of ball T , 
deflect ion j, 
or 

It takes longer for the 
magnetic force to 

attract thtf/ball (Why? 
because? of the added 

weight) 5,, the deflection 

or arc is not as curved. 
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If the balls speed is increased 
than deflection is less again. 
Because it takes longer for 
the magnetic field to attract 
it. 

If tho magnetic field is 
increased than the ball 
Kill have a greater deflection 
because the attraction is 
greater. 

So far -- 4 variables 
involved. 

1) charge of moving particle 

2) speed of moving particle 

3) m$$ of particle 

41 strength of magnetic 
field. 

The anfOimt of deflection 
can he measured. 

So 5 variables nou. 

deflection is proportional 

" to the charge of tlie particle 
ft the strength of the 
magnetic field 

" d = el* 

deflection is inversely 

proportional to the mass 
and volacitv of the particle 

d * J 
"mv ' 

Combine Sanations 

d - Ih 
mv 

Can deflection he calculated? yc* 
Can tiic charge of the particle 

be calculated? no 
Can the magnetic field he 

calculated? yes 



Cart mass of pzirticle be 
calculated -=> no 

Can speed of particle be 
calculates! *>yes 



TIM 



"Since I [got] it confused even 
wiring it, obviously, if 1 was just 
trying to hold h all in my mind, it 
woultf have confused me, probably 
even more." 

"If you just try to sit there m your 
mind, . . .the ideas arc all mixed up and 
hard to figure out. 1 ' 

"If I [hadn't written] it, I never would 
ha\ F e thought about it until tuc d.iy 
before the test." 

,r lf I hadn't written it out, then I 
probably still would have been con- 
fused.' 1 

"1 guess 1 was confused, and 1 kept 
writing to try to figure it out in 
my mind." 

"It was more like just writing out 
what I [was] trying to do, even 
though I didn't kitow.' 1 

Tim's aptitude lies in the sciences including chemistry, lie always 
satVin the front row, paid rapt attention to the teacher's lectures, and 
fearlessly asked any Question winch occurred to him in spite of occa- 
sional groans from the other students. He wanted to learn, Tim thought 
writing to think sounded interesting and was curious about my research. 

At first l\e wrote everything to me and for me, as he were writing 
me ;i letter recording the day's events in chemistry, His handwriting 
was very neat and his grammar flawless, Later Tim said, "It's usually 

A 
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hard for tnc to Mite fot me because I'm used to writing foi hhat...the 
reader is going to think about it. 11 

In no time at all, ho began writing for hiinsiii; however, ho con- 
tinued to witc to me. lie >till hit>te to tell me the material being 
presented, but lie included, for himself, more detailed and specific 
infomution. tutli more complete information rccerded daih in liL> oun 
hords, he realised be uoulJ he able to review easily and quickly for a 
test by leading through hi> thhikbook. At this pvunt lie used his think- 
book as a log book. 

He m$ ,<tiil concerned about his reader: 

...if Anne saw this, I [would] want 
her to think that 1 know what I'm 

talking about To roc. ..when (!'m| I 

writing something*.., even if it's 
nothing important, I think about cor- 
rect grammar and correct punctuation, 
and doe* this sentence make sense? 
and is it dear? and all that stuff. 
And so it" you're writing 'the elec- 
trons are negative, 1 you have to 
make sure that you say it right and 
it sounds good. 

Shortly after he began writing for himself, Tim decided to "take" 
bib lecture notes m h L> thmkbook alon^ with his wi ithig. He decided 
it Vsould be comenient to keep all hi> information recorded on the pages 
of oik' book* Ueieafter, \u> journal t»hous pages of dated notes taken in 
class interspaced betueen dated enti tec of writing, lie urote the entries 
from his memoiy of the material piesenlfcd in clas>. Although it often 
seemed to him icdundant and inefficient to write the material over again 
from inemon vdikh he Lid already recorded in his note* on the, previous 
page, lie continual tins practice, finding tlie rewriting helped him re- 
member t4ie material, lie has ''writing to remember." He has aJso "writing 
to check," for, after lie made an entrv, lie aluiys clicked it against his 
notes to be sure tlie information he urote f i chu memory was correct and 
complete. 

At this time, lie recorded tlie material from rote memory and recall. 
He listed in sentences the fact* he could remember and referred to his 



notes to continue the list for facts ho could not recall, lie didn't 
make connections between facts or put them in an; particular order. He 
didn't draw any conclusions or look for any relationships. He didn't 
actually think ctboui the mtzriu-. Tim explained, "1 just sort of write 
down what I think I learned. " In other words, he wrote down the facts 
which were presented, not those Urich he had thought about. Hg made 
most of these entries in the ten minutes of class time allotted for 
think- writing or during his lunch period which preceded the chemistry 
clasp. 

With the end of the quarter approaching and his grades falling 
short of his gojls, he decided to get more serious about studying. The 
teacher lectured Jailj about electrically charged particles. She intro- 
duced three xer\ important e:\perimcnts which ^ere historically based on 
one another. That is, it bas necessary to understand the first, Thom- 
son's, to understand the second, Millikan's, to understand the thin!, 
Goldstein'*. 

One day the teacher was cut off in the middle of something important 
when the boll rang. .Tim didn't have his usual time to write in class. 
The next day there was no time left aijain. On the third day without 
time to write, fim knew he >..ii to get all the material straight r He 
was really confused. That ciening, he took home hi* thinkbook uith his 
notes in it. This uas the fiist time he had ever written about chemistry 
at home, Tim explained what happened: 



J was really having problems with 
something. I didn't know what was 
^oins on.,., i think it was like 
the day or a couple of days after 
we had actually done the lesson, and 
I went back to (my notes] and \ said, 
"what is this?".... Instead of say- 
ing [to myself |, "now if Anne siw " 
this, i want her to think that [ 
know what l r m talking about.../ 1 1 
started just writing in my journal 
what i remembered. . > . 



lie be^in uritinj; alxnit Goldstein's experiment (reproduced on pp. 
JSoO). He recorded the facts he remembered until he ^ot to line 9. 
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There he found himself writing something ishich didn't fit with informa- 
tion presented by the teacher- tic couldn't continue to introduce any 
more facts onto the paper until he had the facts on the paper correct 
and in order. He realized truly wasn't sure how Goldstein had set up 
the experiment and consequently hasn't sure about any of th<? facts he 
had written to that point, 

I was writing about that drum that 
that guy made where he caught the 
oil drop, t , 1 was writing along 
and f was putting. ,, 'and then he' 
had two negative plates,,, nnd the 
atom or the electron got attracted 
towards one, 1 And, all of a sudden, 
I say, 'Wait a minute.' It wouldn't 
set attracted if it was negative! 1 
And so J wrote that: 'it wouldn't 
get attracts if it was negative. 
This is wrong ) ' I wrote 'this is 
KTOng, r , t Wait ;i minute. Let 
me,,. go back/ I wrote that down, 

Seeing the confused material on the papoi forced Tiro to see his confusion. 

For the first time, he recognised that the words on the paper were the 

symbolic representation of the ideas hhich had come from his head, 

Tim was incredulous that he had actually allowed himself to confess 
on a piece of paper that he hadn't understood something. By writing 
those word*, he felt as though he. had admitted to the v-orld, or at least 
to mc, that he didn't always understand everything, Tim took the cliance 
and wrote these words to himself i>ith no concern for the opinions of 
anyone else who read them. Tor the first time, he realized tnat he was 
the only audience he needed to worry about ivheii he urote to think about 
chemistry. If he needed to write-down "I am totally confused/' then it 
uas important that he write it. If h? was thinking those words, then 
he wanted to vsritc then hith the other uord* he uas thinking, lie 

realised that his need to &et tilings straight v,n$ far more important 
than, his need for the leader to see tliat he is smart because he under- 
stands everything, i 

lie had written fir^t that protons were sent through the chamber, 
and, at this point he wondered if that was uronfir He decided that , 
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per imps this was the errot causing ciery thing else not to make sense 
and come together. So on line 13 he drew a diagonal line after the sen- 
* tenee which had led him to a dead end. He began again with an idea lie 
thought of while writing. At line 15 he toid himself tltat what he was 
writing presently ftas* he right, Yet, by line 17, lie obviously had n«i 
into another snag, from line 17 to line 21 he made his first cross- 
throng hs. 

It is important to know that lie did not mate the cross- thronghs 
until he had almost finished with the writing. In other words, he did 
not know until later in the writing that htwt he had written on those 
lines wasn't gDing to continue to make sense with later things he 'wrote. 
,\s he added to the idea, he had to tkinge and/or reword earlier ideas to 
make them all agree. What is crossed out now remained ^crossed out 
antil Tim did further writing and came to a point hhcre a^ain the infor- 
mation didn't continue to reJate, When he tealired the problem, he went 
back and nude these cross -througlis and ^rote in the correct information 
which made this section accord with the rest. 

When he first wrote than, Tim wasn't totally sure lines 17-21 made 
sense, but he left them anyha) . tie has frustrated. He knew he couldn't 
go any further in thinking about lines i"-21 as the) stood. If he wanted 
to go on*iHth this same train of thought* he would ha\e to -figure them 
out. lie 7>oj* knew how it ail went, but not tjuito, and it didn't seem 
important to work out what seemed at that point to he a small kink in 
the process. He was still in the itahit of writing for other people; 
consequent!} r he didn't care about correcting fine thinking errors he 
seized he was making in a writing few hould >ee, fie thought fine thinking 
errors were corrected m writing io help the tcadei read, lie didn't know 
that the correction of a fine thinking cnoi enabled the writer to think 
through and understand the iMteriali If he had folt his own writing 
were important tvrhim and not ju. t to other people, he mi^ht ha\e pur- 
ged that hy*z\ line of thought. If he had known the iclationship between 
writing arid thinking, lie would li.hv realized the importance of jnurling 
out the information for himself, >o that lie could understand it. 
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Instead of taking the tunc to write the thought through again so 
that it made total sense, he shifted gears. He jumped to a new train of 
thought, tfe was sure he could pursue another thought successfully without 
ever having to Kork through the problem with the previous one. He began 
the new thought with "anyhow," a clue that he was jumping from his old 
"train of thought to another, a clue which could foreshadow a bigger pro- 
blem ahead. The "anyway" signified that "even though this previous 
statement doesn't make complete sense to me, I'm going to go on." He 
continued on with ncv facts of the experiment. In lines 25-2S he clari- 
fied the previous words for himself in the parenthetical statement. He 
simply reworded the idea into words that made better sense. He went on 
with little trouble until line 39 when he realized that uhat he had just 
written was very wrong. 

He drew an arrow and gave himself the bod news, "But/ 1 He realised 

that the information in his head no longer coincided with what he h<id 

just written. To prove to himself that it wouldn't work, he next wrote 

this data from his head so he could aec that it couldn't. Then lie told 

himself to wait and think the problem through. He continued to write 

these thoughts on paper. He chose a plural subject "we" (in line 42) as 

if he were two people working on this problem together, as if these two 

people were talking about the experiment, and ine of them was going to 

try to. set the other one straight about his misunderstanding.. Tim started 

drawing diagrams which illustrated to his other self what was happening. 

^ Then he "okayed" himself as if to say to his other self, "1 understand So 

* 

far, go on." 

At this point he went back and rethought some of t lie information 
about Millikan T s experiment* even though t*hcn he had begun the writing, 
he hod thought he understood it fully* He needed to understand it now, 
not in isolation, but zs it related to Goldstein's experiment . After 
having done the writing about Millikan's work, he went hack and eroded 
through most of those earlier troublesome lines (T l\ \ to make them 
agree materially and gr.immatkully with his completely levised thought. 
What he had believed was a small kink in the protests turned out to be 
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an important kink in understanding the big picture. 

At the time he talked to me about this siting, lie scratched the 
two light diagonal crossout line* over line? 40-4~. He did this because 
lie said that he still couldn;t believe that he had actually written those 
embarrassing words, and he considered this aside to intrude upon my 
reading and understanding of this section. He still hung on to the idea 
that I was reading his journal to appreciate his knowledge of chemistry. 

The correction he made on iin.es 17-21 was his last word in that* 
entry. That correction was the key to his understanding all the experi- 
ments. Me didn't need to continue to urite about Goldstein's research 
because, uith the correction, he had it straight. He had accomplished 
his purpose for writing; his thinking process has complete, and it didn't 
matter if his product hasn't. Had his purpose been to record everything 
about the experiments, he then uould have written a complete, accurate 
and neat explanation of his understanding on another page. 

Tim now knew that he didn't need help understanding the three ex- 
periments. He had had alt the knowledge; he just needed to know what 
-* he had and get it in the right order. He had u&ed his hand to write it 
down, his eyes to see it, and his brain to think about the connections 
it made. 

In an interview, Tim told me about his usual learning experiences: 
When the teacher is writing the thing 

on the hoard, you understand how she's a 

doing it. But when you get home and 

look at the book, you have no idea. 

And then when she explains it the 

next day, you understand what she's 

saying, out you still hould never be 

able to figure that out yourself 

She's almost belling you too much. 
She's felling. . .you. . .a + 1> is going 
to equal C, but she's not telling you 
liow to get there,,,. It's like Nfrs, 
Uvallee is telling us sometning ahout 
the electron*. She says, 'okay, the 
electrons do that and they do this. 1 
Then I get home and I say f yeah, but, 
how did they do that or what happens 
if they don't do it?' That's when 
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you get confused because you... sort 
of understand what they're doing but 
not why they're doing it. And it's 
hard to understand what something 
does when ypu can't understand why 
they're doing it, ...or what's going 
to iiappen when they^lo it, or Khy 
the other things don't do it. 

He also consented on ins experience writing in chemistry class: 

Sometimes you get into it [the 
' writing] ... , meaning that you 
really want to do it, you really 
want to find out why it didn't 
work or what's wrong. Other 
times you'll just say, 'oh, well. 
I don't understand.' And you won't 
write down why you don't or what 
you don't [understand] . You just 
write you don't understand. [But 
when I'm serious about trying to 
understand,] . . . it 's easier to get 

into it and just urite And so 

if you tried not to worry about 
whether it sounds good and whether 
it's correctly punctuated and you 
just write it, it's a little bit 
easier. But it's. hard to [not 
worry]. It's like untraining the 

way you've been trained (When) 

I didn't have to stop and think 

about writing, I ju&t .thought about 

chemistry and... I just wrote what 
I was thinking. 



**3 /anivivy 22 urttirig (typed from his thinkbook) 
January 22 entry 

We learned about the mass 
spectrograph. Goldsticn devised this 
apparatus to measure the nmris of 
protons, A current of proton? 1$ 
sent into a c number with a neg* 5 
atively charged plate. Hie plate 
has a hole in the mtddlt, so the pro- 



28 





tons will speed forth in a straight 
line. Then neon atoms then bump off 
the electron- -from a proton? j% 
totally confused. 1 don't know what 
is sent -into the apparatus to start- 
electrons, atoms? / The plate is 
positively charged, whicl. neans that 
negatively charged ions must be 
sent into the apparatus, to shoot 
through the hole, be Jjuwped 



neon becomes ^ positively 



Nith neon, and beeoffle-pFeteas ^fr cbnrged 

Bat -hew-dees -one- tura-a-negative lons 
Meon's electron is bumped off and it becomes 

ion- in t©-a- -proton -by-inf reducing 



deflected by a magnetic field 
outside the apparatus. The variables 
of mass and charge arc the most 
significant. Those with higher charge 
have a higher deflection, (farther 
to the right, closer to the negative 
magnetic field) The heavier ones 
deflect less, and aTatio can be 



set up to balance between mass 
and charge to see how they can 
land in different places. Using known 
elements, a scale was set up so 



but different atoms have differ- 
ent numbers of protons, thus 
different musses and different 
readings on the spectrograph- BUT 



Neon ions 
neen?^ Anyhow, the pretens yre then 



unknowns could be calibrated. 
Each proton has the same mass, 
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this is^Ftfiig^ because" indiv 
idyaT protdns have the same 



maps'. wait—we're talking about 



an atom, with the electrons 



bumped off * so 




has a different mass, thus ' 
the different readings. 0- K 
The charge is simply how many 
more pesitive protons than 



electrons or* vice versa- It 
is simply a representation. 




despite the real charge, this is +1, 
Millikan's drum had one neg. and ons po$. 
plate and a negative charge on 
the oil drop. Hie drop was attracted 
up toward the plate, but pulled down 
. by gravity and the other charge, 
so it became stationary. *V 




CONCLUSION 



Conclusions Drawn from Case Studios 

Students who wrote to think about chemistry: 

wrote when they Felt confused and needed to get material 
straight. 

— were interested in understanding > not just in memorizing the 
material* 
$ wrote for themselves. 



wrote to themselves. 

needed to see the material in their own words and in their own 
L order of thought, not only in the words and order in which the 
material was presented, 
didn't need to write about all the material, 
wrote when they were rested. 
- wrote when there were few internal or external distractions. 
-- drew diagrams and wrote evaluative comments to themselves about 
the material. 

needed encouragement because writing to think is hard, 
sometimes used their writing later to check or refresh their 
memories . 

thought others would be critical of their writing and not be 

able to read or understand the information. 

didn't need the teacher to explain things over and over. 

didn't always find it necessary or convenient to keep all the 

writings, 

asked well thought-out questions. 
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figured out inatcri.il without the teacher's help, 
-- delighted in their ability to learn and understand chemistry, 
took responsibility for their teaming. 

What Happened to the Researcher wften She Wrote h Think 
about Chemistry 

I wrote when I had been presented with a lot of material or diffi- 
cult material. Usually introductory material was uncomplicated, and I 
could do the thinking in my head. But when we got into new vocabulary, 
new concepts, new details, new processes, I found myself needing to 
write. 

It was never quiet enough in the classroom for me to write success- 
fully. If it weren't the other students' talking, it was the talking 
going on in my own head which disturbed me. I needed peace both exter- 
nally and internally to think about chemistry. I couldn't do it when 
other things uerc pressing on my mind. When the teacher gave us ten 
minutes at the end of clays to wiite, 1 was still too overwhelmed by all 
the new material to know where to begin. I needed distance and time 
from it before I could think about it again. Sometimes I was too pre- 
occupied thinking about something else, such as what I has gojjig to do t 
after class, and couldn't focus on chemistry. liut if I had enough time, 
I could usually write the things out of my head which preoccupied me so 
that I could ^ct to the ideas in there about chemistry. When I was able 
to write about chemistry, I invariably ran oiit of time and left class 
frustrated. And idicn the teacher gave us ten minutes *it the beginning 
of class to write, I usually sat through the remainder of the class 
struggling to concentrate on the lesson because 1 was still thinking 
about the chemistry \ had been A^iting about- 

I often felt that bad I not been writing while I learned chemistry, 
[ would not have worked uitb difficult ideas as long as I did without 
getting help. I often rely on others for help when I think something 
is too difficult for me to do on my own or when I need to hear myself 
talk so I can know what I know. My urge to talk about an> thing I learn 
is very strong. 1 believed that chemistry was difficult, so it would 
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have been natural for me to seek out a willing helper. But when I did 
jfeeja±£in$ T -l » longer felt f- needed aisflhcTT pef^~^ 
abled me to know what I knew and to figure out the difficult ideas on 
niy own. 1 realised i could listen to myself think while I wrote my 
ideas on the paper. 

I AsTOte down whatever 1 thought, as if I were trying to capture ■ 
the flow of ideas in my brain on the paper. Sometimes I captured tangen- 
tial thoughts which always proved to be usefui and interesting. Fre- 
quently, 1 "captured" ideas which didn't make sense or sounded silly or 
were wrong. Khen this happened, my internal critic or coflimon sense, for 
lack of a better word, interrupted the idea Kith an evaluative comment. 
I would write the evaluative comments on the paper as well. If the in- 
ternal critic remarked "th**t doesn't seem right," I'd write "that doesn't 
seem right." I learned quickly to trust*rrty internal crkic's intuition. 
And my internal critic didn't only tell me when J^was wrong; she often 
made comments of encouragement, such as "I think Pm getting it," which 
kept me going when T was on the right track. 

I didn't cross out the nonsensical, silly, or wrong tilings I im>te. 
I also didn't cross out the internal critic's comments. 1 just went on 
writing. Crossing out wasn't necessary. I wrote not because 1 wanted 
to get all the ideas clear and correct on the paper* but because 1 wanted 
to get all the'ideas clear and correct in my head. Jt wasn't important 
that no one else would be able to read my writing and understand what 
1 was saying about chemistry. What was important wa;> that 2 understood 
what 1 was saying by the time I had completed, the writing. The writing 
was for ncrj t at the time I was doing it, not for later, and the writing 
was for mc, not someone else. 

l\Vn I wanted to think, I didn*t,always write in my thinkbook, I 
wrote on my homework sheet or on the back of my test, on wlwtever paper 
was immediately available, I also liked keeping the writing with other 
information which had started me thinking.- 

If a concept wasn't clear and perfect in my brain, I formulated 
questions 1 needed answered In the teacher to get it that way. Most of. 



__tlg_qucstjgns required yes ox .no answers ,„auch as ."ia this right so far?-" - — 

All f wanted of needed was the teacher's simple response. I didn't want 
her to explain ,uhy it was wrong or what happens next. 1 didn't want her 
take my knowledge oyt of my hands at (;hat point. *I wanted to figure 
, out why it was wrong or what happens next, I needed her simple direc- 
tion, and then I united to* get hack to work with m/ ideas, my words and c 
my train of thought 1 wanted to get bacl? to my desk and A^xite^ Once 
she gave me my lead, I couldn't hear what eHe she explained because- I 
was listening very hard to what was going on in my own head, I couldn't 
use any additional idea* until 1 had tliought through tlie implications of 
the answer-she had given-me to my question. To use an annlogy, she was 
giving me more than I chould chew at that time, I had no room for more, 
1 had to swallow what I already had before 1 could take in any more. I 
knew t;hat when I was hungry for more, 1 would get it, 

When I wrote, I also felt as- though I let the ideas at the forefront 
of my Brain out onto the paper so ttott the ideas in the back of my brain 
could move u^tfvto the front- Once those first ideas, the conscious ones, 
were QW^ff my head, the ideas in the back of my brain, the subconscious 
ones, nad rtfom to move to the forefront to become the conscious ideas. 
And when I wrote these out, more ideas moved into the forefront* The ' 
new ideas had been too far in the back of my brain, and 1 couldn't get 
to them until I made room. 

Kith all those new ideas now available tc me, Welt as if I were 
discovering new things about chemistry which T didn't know I knew. At 
the same tiine, T was making connections between one bit of information . 
and another , sorting and reshuffling and^discovering ev$i more, When I x f 
transferred the idea to paper, I could actually what I knew about 
the idea. Seeing that f loiew something about the Idea, and seeing pre- 
cisely what I knew, whetted my jppetite ro see what else there might be 
rattling around in my brain about the idea. As an experiment 1 tried 
using a tape recorder to see if it would give me the same benefit,- 
Although 1 could hear uhat I knew as 1 talked into it, 1 missed not being 
able to see what T knew^e\en though I could hear it, again. In addition, 
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when I wrote my ideas, I could much more easily lotfk up the page to see 
an idea than 1 could rewind the recorded to find the exact place where 
I could hear the idea* I ended up transcribing onto paper the tape 
recordings I made so I could work with them more easily. 

The beauty of having it on paper was that I felt as if my brain was 
freed of a lot of the information it b id been storing so that it could . 
work more^spontancously with the ideas on paper. T could arrange and 
rearrange the sentences and ideas and fill in the gaps with additional 
idea:: 'as it worked towards making everything make senso together. Because 
it was on paper, I was able to work back and forth between paper and head 
until I had everything out on paper and it all clicked. 

I found that writing eliminated all my need to study the night be- 
fore a test. I knew and underst ood eyerything..already,.__l_didnlt^need_. 

to memorize anything or cram anything into my head; and, because I didn't 
have any information precariously and hurriedly jammed into my head, I 
knew that I couldn't forget it in the middle of the test, f knew I had 
it all in there in order so that it made sense, and I could call upon 
it and find it when I needed it. It 

was all neatly filed, not just 
thrown in. 1 was confident in this knowledge and in my knowledge. All 
the pressure I'd always associated with tests vanished. 

For ine, writing was like putting together a jigsaw nuzzle. The 
teacher showed me the picture on the box (the te>'t) and showed me her 
"o^n completed puzzle fher lecture). With these general impressions of 
wliat my <?un puzzle should look like, I laid out my am pieces. As I did, 
I arranged the pieces into groupings. Some linked together. Then I 
concentrated on the border and worked from there. If I got stuck, I 
consulted the picture or the teacher's completed puzzle, she looked at 
my puzzle, but I didn't Kant her to put it together for me. As more and 
more pieces fit, I worked more rapidly and contentedly, when I was fin- 
ished, i kept my completed puzzle and the knowledge that 1 hod done it 
myself . 

The very best part for me was that 1 realized I could actually 
think kcM enough on my own to figure something out without someone else 
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showing me the direction or giving me clues, I could think i^ll enough 
to ask question* which t*ere right on point. The writing had el,in inated 
my anxieties about chemistry , a subject I wasn't supposed to be able to 
do. It gave mc confidence in my ability, 1 felt independent, 1 felt 
free, I could understand chemistry on my own, Ami if 1 could'do chem- 
istry, what else could 1 do on my own? 1 suddenly wanted to try more 
and difficult things, I was delighted about my abilit) and amazed at my 
knowledge, 1 knew I had done it all by myself. 

What Happened to the Other Students and Why 

About one-third of the twenty-,six Students in the class here so 
unsure about what writing to think meant they didn't write anything. 
Others wrote to mc and for me^ pretending 1 was not a member of the 
class arid informing me ,ibout what was happening. In school, students 
write for this purpose almost exclusively, pretend ^ that someone else, 
usually the teacher, is uninformed and writing to him about a subject 
he already understands. 

Students who were concerned about their grades wrote to memorize 
and/or wrote to check their recall of the material. In a sense, they ■ 
were actually "writing to learn/' Le,, inetiiori;e. They knew there is 
a relationship between the act of writing and the ability to remember. 
Before a test, these students wrote cxerythinn the> could remember to see 
if the information in their brains wa* factually accurate and complete, 
The> Jidn't write information they wore uncertain about until they Lon- 
suited their notes foi the teacher's explanation. They didn't want to 
write an) thing wrong. They crammed the tcache'"*, word* into their wri- 
ting* and their heads, Hie) wrote as if the teacher would read and 
correct theii wi itten product*. Some teacher* encouiage their students 
to write for themselves for these purposes. 

Onl> four of the twenty-six high-school -age student* here able to 
write to think. I wa* very curious to know why the majoi ity could not. 
^ r first guess was that I had erred in m> description of the pur|X>so for 
the writing, I did not know the term "write to think" until after 1 
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completed my work with the students. However, three students had done 
it without knowing the most succinct woixls to describe wtiat they did. 
These students shared a desire to want to understand chemistry. But, 
there were others who wanted this as well. Kith Picra as the exception, 
none of them had ever written to think before. But even Piera wasn't 



convinced that the writing she- had been doing for over two years was a 
legitimate use for writing. Until she came into the chemistry class, she 
had never discussed her writing with anyone nor heard writing discussed 
in this way. In fact, she had not thought of the writing she was doing 
as thinking. So my second thought as to why the majority didn't write to 
think was that none of theni fowtf that writing is thinking. 

Hie students viewed writing as the act of putting on paper ideas 
which already make sense and which th writer wants to record for others 
to read. Our society holds the same belief. IVe see writing as a final 
offering of ideas which a writer makes to his readers. We assume the 
writer has conceived of and organised the ideas in his head before he 
ever commits them to paper. We teach this to our students. They remain 
unaware that writing can have another legitimate purpose. They don't 
know they can write ideas which don't already make sense in their heads 
before they put them down on paper. They need to know that it is worth- 
while for them to write down these mixed up ideas, in the circles they 
come in, in the repetition they come in, in the words tney come in, in 
the order they come in. They need to know these written mixed -up ideas 
don't have to be seen by anyone else or make sense to anyone else. 
Their ideas are meant only for themselves. They can write at any time, 
anywhere* in any wny, to figure anything out. Their ability to write 
is theirs to own and to control* They need to know that they can write 
without someone else dictating that they write, or how, what, when, 
where, and uhy they write. There is no question in my mind that when 
they knok these things, they will he aule to think and write. 

Suggestions to Teachers 

I suggest that writing is a means which teachers have long ignored 
as a way for students to approach the lcanun^ of a subject. It should 
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not be ignored any longer. 

I strongly suggest teachers themselves experiment with writing 
while encouraging their students to do the same. Because the teacher 
alread> understands the subject he teaches, he will want to write about 
other material he ha* or is being presented which he wants to understand 
better. He might write about a personal dilemma, his graduate school 
wOrk ? or a student he wants to understand better. I believe that many 
teachers hill find 'Vritin^ to think" an exciting means of understanding 
information for themselves and won't need to be convinced by my research 
to encourage their students to write, They will want to offer it to 
their students. A& the students write for themselves, the teacher will 1 
come to find, much to hi* relief, that he no longer must take so much 
responsibility for his students 1 learning. As it is now, teachers feel 
that thv> mu>t pose questions to their students to which they themselves 
know the angers for the purpose of discussing information. The teacher 
asks, and the student is supposed to respond with' the answer, Now, if 
students write to think, they will begin, as Laura and Tim did, to ask 
authentic question? uhich the> have discovered in the process of puzzling 
out, straightening out, and getting to the bottom of the material while 
writing. Hie teacher vmiII no longer pose the question; the student will, 
In other words, the person who ^uln^ly doesn't know the answers will 
be asking for them, And the student won't always have to ask the teacher 
for the answer, Like Laura and Tim, the student will begin to pose the 
question first to himself and then to try to figure it out by writing, 
He will take pride m finding the answer himself or in finding the key 
questions about uhich he needs further information to go on and find the 
answer, fie will want to take res|x>ri5ihility for his, learning, 

l ; or teachers vdio want their students to try writing to think, 1 have 
a few i^ords of advice. I thin& it's too ranch to sav that students should 
write every dity, Unting to think needs to he done ^h!\ the material is 
being presented, not in a rush hefore a deadline or test. The nund 
doesn't seem to be ahJc to sort out a lot of information efficiently in 
a short period of time, The mind needs time to play uith information 
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before it can make sense of it. Students need to do the siting when the 
material becomes confusing to them -- that is, when they start to have 
questions* Only the student can know when she has a question so it is 
her responsibility to write when she feels the questions arise* However, 
I believe it is possible for the teacher to anticipate the problems and 
confusions a student might have* From the teacher's experience, he can 
anticipate where students tend to become confused about particular mate- 
rial. He also may knoi* a student's ability and self-confidence with 
certain types of material to guess when he will have problems* As a 
writer and as an objective observer, the teacher, who is m tune with the 
material and his students, may know when a student needs to write, just 
as he has developed an abilit) to know what material he needs to present 
and when the student is ready for more* 

Obviously the maturity of the student will have a direct bearing 
on how much direction and encouragement in writing the teacher needs to 
give- The inexperienced thinVvriter will need more help. But he will 
become more responsible for **is writing and learning as he feels good 
about his ability to write and to learn. Ifc'Jl want to take more respon- 
sibility for his mind and its learning because he gets more in return 
when he does. 

There is no reason to M'itc in a bound volume. I quickly went to 
a loose leaf binder so that I could wijtc on any available paper and put , 
it all together later* I also didn't have to carry my thinkbook with me* 
I found advantages keeping it in one place. I occasionally reread sections 
as review, but I particularly enjoyed looking back out of curiosity tp 
sec how T had come up with some of my ideas. I felt proud to be able to 
hold in my hands page* and pages of chemical thinking that I had done on 
my own without help. 

Many students might never need nor want to show their writing to 
their teacher. When they come to a specific question, it may [>e easier 
and more efficient to ask it out loud* But hhen the confusion is bigger, 
it may be easier and more efficient to literally show the confusion to 
the teacher by letting him read the writing* 
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The teacher whose .student asks him to read his writing must keep 
in mind at all tijnes the |*urpose of writing. He must also keep in mind 
his purpose for reading it. Only the asking student can knou this pur- 
pose una" needs to explain It to the teacher. If the student doesn't 
explain why, then the teacher needs to ask, "1% Jo you want me to read 
this? What is your question or problem with it?" Hie student might 
respond, "1 want you to see if what I have makes sense/' or "I can't 
figure out what Pm doing wrong." The teacher then knows his purpose 
for reading* 

In any case, the teacher needs to read the writing with his attention 
focused on tht ;r,A^ the student went through in thinking through the 
material, The teacher v.ill be of no help to the student if he reads with 
his attention focused on the ^r&dnH itself. Hie teacher will not help 
the student b> raiding the writing and suggesting line by line revisions 
and correction* in the ideas and logic. The teacher *AZZ h+.Zp the student 
by reading the writing sloulv ajid thoughtfully in its entirety a couple 
of r times, keeping Ln mind the pur|30sc the student has given him for read* 
ing. lie must also icmcmber that the sentences and logic the student 
writes on the paper correspond directly to the ideas the student is think- 
ing* The student is think-writing because he is weak and unclear in his 
understanding of the material. Tfius his writing is weak and unclear. 
.As he continues to write, he begin? to get stronger and clearer in his 
understanding. Con espondingly , the words, sentences, and logic on the 
paper begin to get stronger and clearer* 

The teacher will he able to see this progression of thinking and 
understanding on the page* By carefully reding the writing, the teacher 
will know uliat the student is thinking* 13> carefully reading the writing, 
the teac-tizp Jill f'n± j tihit th+. kn&A£ and tfhiit tta aUm^nt doesn't 

huL\ He will knou wh> the studenr has asked him to read the A^riting or 
why the student ha* u^ked him a uucstion and how he can best assist each 
student in furthei understanding the material, ile cm pinpoint the infor- 
mation the student doesn't yet luvc straight or now. needs, lie will dis- 
cover elites the student leases behind which may indicite what help he 
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needs. Questions or question marks arc overt clues to the student's 
confusion. Vague words, incorrect information, illogic, critical asides, 
or tangential thinking aro less obvious clues us to what mav be confusing 
the student. liven crossed out words or sentences nu> pro; idc hints as 
to what the student doesn't understand, 

Ihe teacher must remember that all chink -writing is by nature diffi- 
cult to read, from tiie handwriting to the spelling to the organisation. 
The most difficult reading is at the beginning where the most difficult 
thinking is happening. But for the teacher who takes the time to read 
and sticks with it, the rewards will be enormous The teacher will he 
able to give to each student his very own special, individual to 
understanding the material, Kith liis own key , each student will be able 
to unlock his own doors and go on learning and undct standing more material 
without needing or wanting the teacher's -help, 
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Notes 



See the following articles and books: Barry Beyer, "Using Writing 
to Learn in History/' The History Teacher, 13 (February* 1980), 167; 
Janet Bnig, "Writing As A Mode of Learning*" College Composition and 
Cowmmieation, 28 (May, 1977), 122; William F, Irmscher* "Writing As A 
Way of Learning and Developing/ 1 allege Composition and Comnmication f 
47 (October, 1979), 240; Robert Parker, ed, , "Understanding, Teaching* 
and Assessing Writing: A Report*" Rutgers University Graduate School of 
Education, May, 1979 (includes excellent bibliography); Andrew Stibbs, 
Assessing Children's Language (London: Ward Lock, 1979). 

2 

Nancy Martin* Pat D'Arcy^ Bryan Newton, and Robert Parker* Writing 
and Learning Across, the Curriculum (London: Ward lock Educational, 1976), 
p. 32, 

3 Toby Fulweiler, "Journal Writing Across the Curriculum," ERIC 

ED 161073, 1978. (.Includes excellent bibliography of works about journal 
writing J 

4 Suzanne Langer, philosophy in a New Key t 3rd ed, (Cambridge: 
Harvard University Press, 1963), 

5 Letter received from Pat D'Arcy, 6 April 1980, 
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Using Expressive Writing to Teach Biology 



Robert Tierney 



INTRODUCTION 



Though most high school biology teac^" j agree, to some extent , that 
all teachers should be teachers of wrif.xy, they are often reluctant to 
include student writing exercises, beyond normal transactional reporting, 1 
in their programs. Biology teachers point, with some pride, to the nume- 
rous lab write-ups, student reports, and tests they have corrected for 
grammar, spelling, and neatness as their contribution to the improvement 
of writing. Expressive writing, the language used in friendly talk, or 
the writing which takes place during the initial phase of thinking through 
^ problem, is best left to the English teacher down the hall, After all, 
they reason, English teachers are trained for that sort of thing* 

x Probably the primary reason for not including expressive writing in 
the biology class is lack of time. Time devoted to the teaching of writing 
is time lost for biology; there isn't enough time to present all of the 
biological subject matter that should be presented* Biology teachers, 
like most teachers, find themselves forced to make value judgments about 
which topics to delete, and they sometimes feel guilty about their decisions 
afterward* Itow can one justify a skimming over of the Echinoderms , or 
short -changing, the Kreb*s Cycle? 

Another reason for not emphasizing writing in the biology class is 
the paperwork load* As it is, most biology programs include labs every 
week, and labs mean lab reports or workbooks to be corrected* Add to the 
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lab write-ups a few student reports, a notebook, and other assignments, 
and it means confronting a stack of uncorrected papers that would intimi- 
date even the most dedicated tutor. 

Probably the saddest reason for not including expressive writing is 
many biology teachers fail to realize its potential as a learning tool 
because they are'not familiar with writing as a process, pew biology 
teachers are themselves writers. Yet modern biology instruction requires 
a hands-on, inquiry, think- through -the problem approach, expressive sit- 
ing is a means of thinking through a problem. The student is free to do 
his thinking on paper without fear of the teacher a* an examiner. Expres- 
sive writing can proxide the biology student with the essential experience 
of free inquiry the essence of the scientific method. 

The biology student who is allowed time, and encouraged, to write 
expressively about what he ha* been presented in biology will be a better 
student. He will have a more thorough understanding of the biological 
concepts and will experience both the pain and the thrill of problem 
solving. Certainly his reports will be more interesting for the teacher 
to read, and that, in itself, might make the effort worthwhile. 

This experiment is an attempt to suggest some techniques for inclu- 
ding expressiie writing in the biology class and to objectively evaluate 
their potential. Perhaps it will encourage other biology teachers to try 
some of the ideas, refine them, or develop new ones. 

BACKGROUND 

The School 

Irvington High School, built in lSul, is situated in the suburban 
community of Fremont j>n_JJje southeastern shore of San Francisco Kay, It 
Is one of four high schools in a rapidly growing community. The student 
body is a heterogeneous mixture of Anglo-Saxon, Chicano, Asian, and Black 
students. The approximately 2000 students arc taught by a faculty of 80 
teachers; most with ten or more ye;ns of experience. 
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The Teachers 



This experiment was made easier by the uniqueness of the situation 
at Irvtngton High School. All of the biology, four sections wvth a total 
of 136 students, is taught by me and my long time friend, llairv Stookcy. 
We have similar academic backgrounds and interests. We both possess 
California General Secondary Teaching Credentials. We have both taught 
for twenty-six years. We were both evaluated by the same administrator 
thi* year, Mr. Richard Cuidici, Vice Principal, and given the same rating 
m - excellent. "We are both the same age- The probability of finding a 
situation where the teachers involved are so closely matched seem*; unlikely. . 
It provider a unique opportunity for a controlled educational experiment. 

Tlie essential difference between me and Harry Stookey is that t have . 
published some freelance uniting and attended a five week Invitational 
Workshop sponsored by the Bay Area Writing Project at the University of 



The Students 

A profile of the biology classes was made to determine what differ- 
ences existed between the composition of my classes and Harry Stooke/'s. 
We wore able to obtain the student scores for the Fremont Unified School 
District Competency Tests and used the written language skill and the 
reading comprehension scored, along with other data* i truct the 
profile, (see Figure 1) 

Apparently my students had slightly lower ability in both written 
language skills and reading comprehension. THey also tended to miss 
class more often and were younger, as indicted by year in school, than 
Harry Stookev rt s classes. They did, however » turn in a higher percentage 
of their assignments. 



California, Berkeley. 
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Group ^ 


^ Average 
— Score— Written 
Language Skill 


Average 
Score— Reading 
Comprehension 


Percentage or 
Assign menu 
Turned in 


Average 
Days Absent 
Per Pupil 


Number of 
Students 
Enrolled 


Tierney I 


85.S 


$8.5 


92 • 


16 


69 


Stoofcey II 


89.S 


9<U 




4.2 


67 



1 

Figure 1 

+ 

Comparison of Basic Skills, Assignments 
Turned In, and Attendance of Groups, 



i 




Group I Group II 



Figure 2 

CompositiorVbf Groups by Year in School 
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DESIGN OF THE STUDY 



The Problem 

Do secondary biology students learn and retain fundamental principles 
of biology better in a biology program which stresses expressive writing 
than in a class that uses only traditional expository uniting? 

The Hypothesis 

The act of writing encourages a personal response by the student. 
He must assume a chosen position, h£ must involve himself in the subject 



he must think, Expiessi^ writing allows him to think in his own 
language, to sort out what he does know from what he is still confused 
about, and to do so without intimidation from a teacher -examiner. It 
seems reasonable that students whe have be n encouraged to use expressive 
writing as a vehicle to transport themselves through the "think" part of 
scientific methodo T ^gy will not only learn more, but will retain what 
they havf learned to a greater degree than those students who have not 
used expressive writing to sort out their thoughts, 

The Procedure 

\ty two biology classes (69 students) were designated as Group I* 
fiarry Stookey's two classes (^7 students) were designated as Group II* 
"Ihe students remained t*ith the same teacher for the entire year, Group I 
served as the exper unental group during the first semester while Group U 
served as control, The roles of the groups were reversed for the second 
semester, Ttyus each teacher served as director of an experimental group 
and a control ^oup. We hoped this procedure would negate the teacher 
as a variable in the experiment. 

both experimental and control groups cohered the same biology topics 
at the same tiwe, did the same labs, watched the same educational films, 
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and had homework assignments corrected with a stress upon proper word 
usage and spelling. 

The differences between the experimental group and the control group 
are shown in the following chart: 



PROCEDURAL DIFFbRKWJES BETWEEN THE EXPERIMENTAL AMD CONTROL CROUPS 

tmmmiu: xmsp~~ wmEraaaar 



1. 


leading logs" 


1. 


no reading logs 


2. 


neuron notes 


2. 


no neuron notes 


5, 


practice essays * 


5. 


no practice essays 


4. 


writing to a specific audience 


4. 


writing to the teacher as an 




other than the teacher 




examiner 


5. 


end of class simmarics 


5. 


no end of class summary 


6, 


group writing 


6. 


limited group writing 


7^ 


essay tests 


7. 


multiple-choice tests. 



Two units were selected as "test units/' i>e., subject matter 
to be tested and the remits compared. The test unit for the first semes- 
ter was genetics. Genetics isas selected because it was scheduled far 
enough into the semester to allow time to acquaint the students foith the 
writing tedinutucs to be used. The unit was three weeks long. A pretest 
(multiple-choke) was given just before the Thanksgh ing holiday on 
November 2-1th, prior to starting instruction about genetics. A posttcst 
(the same multiple-choice te^t) was given aftc* the unit, on December 19th, 
just before the Christmas Jioliday- Cn April 10th, 16 ucoks after the 
completion of the genetics unit, a recall test (the sar<ic multiple-choice 
test) was given to determine bow much of the genetics unit had been re- 
tained by the students. - 

Although we used essay tests as an additional way of utilizing wri- 
ting to learn in the instruction of the experimental ^joup (see pp. 5"- 53) 
multiplc-choKc te,sts *crc nscd instead of cs*ay for piv and posttcstin;; 
of troth groups for the fallowing reasons: \\) most standardized tests 




are multiple-choice and most of our questions came from textbook exams; 
(2) essay tests may not have been fair to the control group; (3} most 
biology classes use multiple-choice tests. 

The test unit for the second semester, when JIanry Stookey's class 
served as the experimental group, was seed plants. The pretest was given 
on April 17th. The students took the posttest on May Sth. The recall 
test was given to the students on ,\1ay 29th, three weeks after the unit 
had been completed* Since the school year was about to end we were unable 
to extend thc^period between post and recall examinations any longer than 
thive weeks. 

The expressive writing exercises used by the experimental groups* 
and the results of tliose exorcises, arc described frelow. 

The Reading Legs 

Reading Logs were assigned in an effort to improve reading compre- 
hension and provide opportunity for expressive writing. The students 
were instructed to record tlieir thoughts, on notebook paper, as they read, 
as some people do in the margins of books. The notes were to be thoughts 
or impressions, they were not to be an outline of the reading, The stu- 
dents knew the readier would not read their Reading Logs, When due, the 
students held up their Reading Logs to show that they had been completed 
and then filed them in personal folders which were kept in the classroom 
but were available to the students at any time- 

An anonymous poll of student reaction to the Reading Logs was taken 
in mid-March. The students wore told to rote the value of Reading Logs 
on a scale of :ero to ten on uhich ;ero represented "of no value at all 1 ' 
and ten represented "extremely valuable, " llie reactions of the students, 
after *omc initial groans nnd mumblings about more homework, was mixed. 
The following scale represents the average value given to the Reading 
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Log by each of the groups: 

. — 1— — . — ■ 

Group 1 1 Group I 

(StooWy) (Tierney) 

Some of the anonymous student conments appear below: 

I think the reading log is very useful if you have to 
write about the chapter then your going to read it< If you 
yHte a paragraph or two of something you juat read, then it 
stays on your heed a tot longer then just reading it and 
forgetting it, 

A student in Group I 

The RL was a pain mainly beeause I &tded up doing them 
&\& hour or so before tliey were due. For the most part I 
would Bay they weren*t helpful to me h?#ause of unwillingness 
to do the^ before class and consequently I merely rushed to 
jet them done and not fully understanding what I read or wrote, 
Admittedly ihey are a good idea, but they shouldn't be ueed 
as an assignment because students will BS their way through 
them. X believe they should be used as an extva-oredit, or 
very Gainfully read. In this May they would be fully effective. 

A student in Group I 

I think they are great. They are sort of a reward for 
studying. Not because they are worth five points, but because 
they help i'^u where you need it most, on the test* 

A student in Group IT" 

The reading logs don't help at all for me. I think they 
rtak* reading the chapter harder because you have to stop and 
right down stuff. 

— A student in Group 11 

The Neuron Notes 



Many professional writers keep daily journals. Trie British seem to 

2 

have success with "Lemming Logs." It sounded like an excellent idea, 
he called our version of writing-to-think Xearon Zoteo. The Neuron Notes 
provided another pppoitunity Tor exprcsshe writing and forced f l K> student 
to organic his thought, to sort out what he learned from what lie was 
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confused about. 

The students were instructed to take at least ten minutes each day 
to sit down and attempt to explain, to themselves, what the> had learned 
in biology that day. They here encouraged to write down any tnoughts 
that occurred to them even if they regarded the thought as trivial or 
nonsense. They v^ere also encouraged to pose questions for the teacher 
about things that confused them. Though Neuron Motes would nat be read 
by the teacher without student permission, we hoped that many students 
would use them^as a vehicle for individualised instruction. 

Although of the stuJents wrote Neuron Notes, only a few granted 
permission to have them read, most of those were regurgitations of what 
had been presented -- not what was actually learned. They were expressed 
in a style designed to please the teacher. Most students were unable to 
overcome the idea of writing for a grade. * 

A few excerpts fr< ,i Neuron Notes follow; 

Todcy^ we watched a movie on genetics. Considering it 
was an old movie, it was pretty interesting. It explained 
hew the genes are passed on from generation to Generation 
through heredity, rt talked about tiendel's work and how he 
came to be the father of genetics. 

The rrcst interesting part was when it showed the different 
stages of miosis. I have a clearer view of how mitosis works 
by being able to s^e the changes from interphase to metapha&ej 
etc. 

It's also possible for scientists to actually see th& gems 
l-ncd .tf on a chromosome of a fruit fly. They know this because 
Chen a certain g^n*: wasn't present^ that trait didn't show up. 

^ A student in Group II 

/ guess I didn't understand the vunnett square as well 
ae I thought i did. The thing I don't understand is if it's 
*&Z2?£d thai samcttJng is homozygous do&s that mean that it's 
Jcmwant or rej^cs'.^e? I'll ash >h\ T. what that means. 

A Student in Group I 

*\ vat'k: i .r mc/ic about genet'ec. It showed the idea 
of cur boo* ii ff^r*cn* wous* If somebody did Kot already 
know jkat -+ar> J^ng m f t uo-ild he hari to follow, i followed 
it pv.^jv w^lf. 

■>■> A Student in Group II 
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They explained about Mendel* s experiment and I would 
Szvlain it adjiin on paper but I've written about it so many 
times I know jit by heart, 

I — A student in Croup T 

In biology today we first took a quiz. It was based on 
what we learned yesterday: monohybrid and dihybrid crosses, 
I missed problem one all together, I didn't miss it because 
I didn't know the way to work it- I missed it because I got 
nervous and confused a little because it was In word problem 
form. It was asking about the cross 6f a black heterozygous 
pacing horse with a black heterozygous trotting horse, I * 
misread heterozygous as homozygous. The result. was that my 
missing the whole problem, wow was I ever mad at myself, 

A student in Group T 

An anonymous response to Neuron Notes was solicited from the students 
in mid-March, the same day they evaluated the Reading Logs. A rating of 
zero indicated the students thought Neuron Notes had no value. A rating 
of ten indicated that Neuron Notes were invaluable as a learning device. 
The average rating of Neuron Notes by each group is shown on the scale 

b * low: (Tiemey) 

Group I 

0 1 2 3 4 5 ei 7 8 9 10 

^- * > 1 ' I T- ■ ■ _ i - . * 

Group IT 
(Stookcy) 

Some written response to the evaluation of Neuron Notes follows: 

To say quite honestly I never gave the ifeuron* Notes a fair 
chance. A lot of times I wouldn't get them done so I couldn't 
really say if they would have helped me or not but I did feel 
they were a good idea, 

A student in Group IT 

I thought tfie Neuron notes were beneficial to me during 
the genetics fart of the course. They made me sit down and 
determine what I learned and if I waj confused to go back and 
review or ask I4r. Tierney. I think they should be required 
through other phases of biology. Why can't we do them all 
year? 

A student in Group I 

Neuron notec Kid a great effect on my learning habits. 
If I remember what I did each day atxd can explain it, T 
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usually remember* more^ and move cleanly. 

A student in Croup 11 

The neuwrn notes helped m some but not aa much as the 
Reading logg did. Somedays uou wouldn't learn anything so 
you would just put a lot of bull date. I uao never* that 
ent)iused about the neuron notes so I just did it half aosed 
all of the time. 

A Student in Croup I 

The Practice Essays 

Science teachers often ask students to write essay-type responses 
or reports, but seldom take any time to explain to tlie student how to 
write one. Ke mistakenly assume that teaching essay writing is solely 
the task of the English teacher. Wc expect the. student not only to know 
how to respond in essay style, but we ask him to write^his response with- 
out any prior 'Varmup 1 ' or "think-it-through* 1 time. We then correct the 
student's paper bs if it were a final draft, forgetting that few profes- 
sional writers write a finished piece on the first try. 

The teacher assigning an essay should write an essay response to 
his own question before assigning it to the students. He should allow 
sufficient time for the student to think through the problem. Since 
examinations for the experimental group were essay type ^except for the 
objective tests used for research purposes), we tried to provide instruc- 
tion and practice in essay writing. We called this instruction iv&Jtice 
cdftayv * 

The students fcere told to read the topic careful J y and to make any 
notes they wished, i.e., make a short Reading Log. The students then 
shared their notes kith each other and deleted or added items. Some 
student* \oluntcercd to read their notes aloud; other students were allowed 
to add items to their own list*. They were then given twenty minutes to 
write about the tq>lc. They were told it was a first draft and not to 
be concealed *jbout spelling, grammar, or mechanics. A few of the papers 
were read aloud for class icaction and comment. Tlie Practice Essay ses^ 
sions usually took place About a week before tlie actual exam. 
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When polled later "5$ of the students thought tliat Practice Essays 
were very helpful, especially in learning how to take an essay exam. 
Negative reactions came from about 15% of the class while 101 had no 
opinion. A few anonymous comments follow (all from Group I); 

/ think the practice essay helped m alot* I think it- 
is a Very wise study habit. If I were to not write a practice 
essay I would probably do worse. After I write the practice 
f essay I read it to myself and write things dawn or rewrite 
things that I forgot or just needed to make more sense. The 
practice essay helps alott 

I feel it is much better to do such a practice SA is a 
very good idea, Mow this doesn't mean I enjoyed s no way* It 
vao s as I suspected^ hard work s but considering it is the first 
time I have received an A in any kind of science test {at least 
for as long as I can remember) I feel any amount of hard work 
is worth it (up toa point). 

I would like to admit something that I nev&r would admit 
to classmates. Instead of feeling 'nervous only about the teet^ 
for a strange reason I felt it a challenge* I feel it to be 
a aood idea. 

The practice essay was very great! I learned the material 
much better and it still stays with me, I've learned more 
by practice essay than by just failing the tect. I don't fail 
the tests since ve have practice essays, the class is not 
boring like most classes are. 

I think the SA test was a waste. I would rather read a 
chapter out of the bock because you can get more information. 
While writing up the SA you just don't absorb all information. 

Writing for a Specific Audience 

British studies indicate that 8?i of all student writing in science 
is written to the teacher as an examiner -- informing the already infer 
med. It wa£ no gr^at surprise to see that our students were writing to 
the same audience Jespite frequent suggestions not to do so. Grade ton- 
cious students feel compelled to tautologize what the teacher has told 
them, or to write reports that sound like, and often are, copies from 



58 



62 



the textbook or encyclopedia. 

Our alternatives to writing to the teacher as an examiner included: 
(1) letting the student write to himself as much as possible (Reading 
Logs and Neuron Notes); (2) having the student write for his peers 
(group labs); (3) having the student write to the teacher as a partner 
(teuron Notes that students asked the teacher to read); (4) having the 
student pretend to write to a particular person other than the teacher. 

The fourth method was accomplished by placing a large photo > or 
poster t on the wall and asking the student to write for the person depicted 
on the poster. Sometimes the students wrote for Miss Piggy* Wonder Woaman t 
Evel Khievel t a clown t a boy on a skateboard> a bum in a doorway > an old 
lady on a porch t Superman^ and so on. ITiere were frequent discussions 
regarding how much the person in the poster might be expected to know 
about a particular subject. Wonder Woman t it was agreed^ probably knew 
everything^ but Miss Piggy would not be expected to know t or care* about 
the respiration cycle of i cell. These discussions turned out to be ex- 
cellent review sessions. 

The following are excerpts from papers written to a boy on a skate- 
board. The subject is mitosis and meiosis. Teacher comments follow 
each excerpt. 

l*m going to explain miosis to you buddy. It starts out 
with one cell t with a nuclear membrane. The first stage is that 
the membrane disintegrates and chromosomes are visible^ two move 
chrofto&ornes are duplicated^ and line up right next to each other t 
then they start twisting up to mix up the genes. All of them line 
up on the equater and then split into two cells t each carrying 
two chromosomes t then those two oplit up again forming four more 
cellSt each have four cells uhich have one chromosome. This is 
called haploid* 

TEAGIER COMEVT; This student starts by addressing the poster, but 
quickly slips into writing to the teacher as art examiner. Etas view of 
what takes place irt cell division is a bit distorted* 

bfitosio is a term tliat applies to the splitting of all 
cells higher than bactenia and not including sex cello. In 
mitosis the nuclear m&nforane (a thin wall that covers the nu~ 
&leue f the control center of the cell) is broken down and 
distributed throughout the cell* Next the ehvomo&omes 
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of the cells (chromosomes are the bodies in the nucleus that 
i control what you will look like, do, etc.). 

TEACHER OfrMENT: This student make* an attempt to explain some of the 
terminology to the boy onthe skateboard* 

Dear Young man on the skateboard: 

I am going to try to explain about mitosis and meiosis. 
Mitosis is a process 'that happens when all celts duplicate 
themselves except sex celU. It starts when the cell nucleus 
starts dissolving and the chromosomes are present. They dupli- 
cate themselves and turn so that they are horizontal with 
the poles. Then they begin to split and half go to one pole 
and half to the other pole* The cell then makes a duplicate 
of itself. 

TEACHER CCftMENT: This is the voice of a high school biology student 
attempting to clarify the idea in his own terms. It's reasonably accu- 
rate, but probably confusing to his reader. 

There are three methods of cell division. One of them is 
fission and the others are mitosis and meiosis. Mitosis 
occurs in more advanced cells, and meiosis occurs only in sex 
cells. In mitosis there are several stages the cell goes 
through before it divides to form two cells exactly like it. 
In meiosis, the cell goes through various steps to form four 
cells. Mitosis and miosis both involve chromosomes. 

TEACHER CMtEKT: This sounds like expressive writing that takes place 
as the student tries to clarify the idea to himself, ite's learning* 

Mitosis is the splitting up of a cell with a full set of 
chrctftosomos. frtitosis can split up all higher level of cells 
except sex cells. Sex cells are split up by a process called 
miosis. 

TEACHER COWEVT; The student has grasped one idea, but has ignored his 
reader and is writing to the teacher. 

I'm sorry to tell you that I was sleeping during the lec- 
ture and did not have a thing to write. However you should 
jet enough information from the other people that are writing 
to you, if they htow anything. Please do not read this letter 
whi<U skateboarding or when your doing anything el$e. m Please 
di&regaj*d this lettev, bum it up, or throw it away just get 
rid of it. 
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TEACHER COWENT: Refreshingly honest. The student is writing to the 
skateboarder, but is also apologizing to me for not paying attention. 
It tells me something about the student and/or my ability to lecture. 

I can't explain mitosis very well for I don't understand 
it yet} myself. But I will try to attempt to explain miosis. 
Meiosis. ie a process in which sex cells are produced. If you 
have one cell which has 4$ chromosomes inside of it the chrowo- 
soms split up in half. 

TEACHER COMMENT; A confused voice, but being able to admit you don't 
know is the first step toward learning something. It also informs me 
that I had better review the subject with the entire class. 

End of Class Summaries , * 

Sometimes, after a teacher presentation, the students were asked to 
take the last fifteen minutes of class to summarize what they had learned 
about the topic presented. This activity was similar to Neuron Notes 
except that the student turned it in for credit. Hie student received 
full credit if he did it, regardless of content or how well written, and 
zero credit if he did not turn it in. 

Besides an additional opportunity for expressive writing, it provided 
a real insight into hot* much of the te^iier presentation is being absorbed. 
It also keeps the class alert and can provide a break in routine. 

The following are examples or student summaries after a discussion 
of cell respiration, a difficult and not very exciting topic: 

I don*t understand this stuff. 

I understand most of what happens in respiration. One thing 
I don't understand though, is where the carbons <?0 when you 
lose one or two. Also, where 4 oes the CO f li^O come from when 
you Iopc carbons? * 

** Wtiat f know about respiration is that all organi&nfc need 
it. The carbon jYom glucose ib taken and split in t&o. You 
t^zkt one of the two and it ie split into two carbons, tlie one 
- carbon is used to make CO* and fl<ft comes out, also* ffiose 
were the first steps or tne amei*obic &ta$e> it needs no 
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oxygen and happens outside the mitochondria. The aerobic 
stage needs oxygen and happens in the mitochondria. The 
mitochondria forms 4C which combines with the ZC. They form 
6C* It's split into 5C, carbon forms. CO ^ and H^O* 

Sometimes the end of class summary provided an insight different 
from what was perceived by observing the class. They may all have looked 
us though they understood, but the summaries often revealed they did not, 
We knew when we had to cover the material again* 

Group Writing 

Croup writing took place when students worked as a team while doing 
a lab. Sometimes the team consisted of two students, sometimes three. 
Only one paper was required from the group so the writing effort was a 
team product. We kept everyone honest by occasionally giving an unan- 
nounced quiz immediately after the lab was turned in* Students who 
worked at understanding the lab were rewarded; those who didn't do their 
share generally lost points* 

Another type of group writing occurred when we organized the class 
into teams in order to solve a problem* Harry Stookey and I, over the 
years, have developed several group problem -solving assignments* One 
that was used during this experiment involved trying to determine why 
the oxygen curve on a lake in San Francisco did not drop very much during 
the hours of darkness* 

We organized the students into teams, taking care to distribute the u 

talent, and presented them with the problem and the data available. As 

a team they had to formulate a hypothesis, interpret the data, and make 

some conclusions. They were given parts of several days in class* They 

also met frequently outside of class* They were told, at first, that 

c 

each of than must write a first draft and attempt to solve the problem. 
Later they would get together and review and discuss each other's papers* 
Then, as a team, they wrote a report tliat was turned in for grading* 
The sharper students seem to enjoy these assignment,. There is 
generally good dibcussion and cooperation between students in, a team, 
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but sometimes one student may dominate the others, resulting in the paper 
being written jy the most grade-conscious student in the team. 

There are many biological principles that enter into the problem 
posed, and the exercises are generally excellent for reviewing material, 
stimulating ideas, giving students some problem- solving experience, and 
teaching the nature of science. On occasion the students might argue 
with our interpretation of a correct answer, and that makes it an inter- 
esting challenge for both teachers and students. 

Designing one of these assignments is a stimulating experience. 
It r s a chance to be creative. Unfortunately it takes lots of time and 
time is scarce. 

Essay Examinations „ 

All examinations for the experimental group were essay type except * 
the tests given to evaluate the experimental test units (genetics for 
Group I; seed plants for Group II). , 

Several days prior to the examination the students were given prac- 
tice essay instruction and had a good idea about what might be. asked. 

The following questions are typical of tfye essay questions asked: 

A. Describe Francisco Redi's experi ments. Remember to: state 
his problem; his hypothesis; his procedure; Including the control 
used; his resul-ts; his conclusions. 

B. B riefly summari z e the .various hypotheses con cer ning the 
development of life on e arth. Select one hypothesis and defend , 
or refute, it . 

C. Expla in , in as much detail as you can, how the leaf of a plant 
is_ adapt ed for photosynthe sis. Remember what is required for photo- 
synthesis and be sure to explain how the structure of the leaf is 
suited for these requirements. 

In order to evaluate the examination, we first vrote the essays 
ourselves in order to make certain we looked for particular things and 
did not reward the glib student who wrote well, but didn't really know 
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the material. Cfcr essay also served as a model for student appeal when 
the tests were returned. We read our essay to the class, and if some 

. student 'thought we'd made a mistake on his grade he challenged us by 
reading his essay aloud. After a discussion, his grade might be altered, 
either up or down. The discussions yerc often lively and generally in- 
volved the entire class. I thought they became one of our best learning 
situations. For fun, I kept score on the blackboard, labelling the score- 
board as "NEAT TEACH" and "PUNKS." If the student lost a point I placed 
a score under "NEAT TEACH." If the student wor appoint it was credited 
to the "PUNKS." Although keeping score was designed fo^ fun, it served 
to eliminate some student reluctance in challenging the authority of the 
teacher. The students invariable scored more points' than the teacher, 
and they looked forward to the test reviews. Their eagerness motivated 

^ me to return their tests as promptly as possible. s 
Generally speaking the students complained bitterly about essay 
examinations at first. They often reminded me that biology was not 
supposed to be an English class. It was interesting* and very satisfying, 
to hear them ask for essay examinations when my group became the control 
for the experiment and started using multiple- choice tests. . m \ 

Hie essay examination requires a lot of work on the part of the. _ s 
teacher, but we felt it more truly reflected what the students knew about 
the subject. It rewarded those who prepared. It's also another way to 
teach writing in the biology class. 



RESULTS 



The results of the test units (see graphs, pages 65-66) were, for 
the most part, expected. The pretest for both units, genetics and seed 
plants* indicated that the previous subject matter knowledge of both 
control and experimental groups was about the same. The results of the 
posttests were disappointing* though not unexpected. Since Croup II 
seemed to have more maturity and scored higher on basic skills tests, 
we expected them to do slightly better than Group I. It was hoped, 
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however, that the writing efforts of Group T might compensate for the 
difference in basic ability between the two groups. Apparently it didn't. 
Post exam results for both experimental test units were very close* 



The recall tests, given sixteen weeks after the first unit and three 
weeks after jthe second, did, however, indicate a clear diiference between 
experimental and control groups. The experimental groups scored noticeably 
higher on recall than the control groups. 



Apparently students in classes where expressive writing is stressed 
will score about the same on a particular unit multiple-choice examination 
as students who are not in a class that emphasizes expressive writing, 
"School -wise" students learn to memorize what they need to know for a 
particular test. It would be interesting to see how the groups would 
have scored if essay tests had been used to evaluate the two units used 
for comparison in this experiment. 

The results of this experiment clearly indicate that students who 
have been g m opportunity to use expressive writing as a learning 
tool will retain more of what t^ey have learned. 

Although the experiment was . designed to evaluate improvement 
ifl student writing, we feel that student writing did improve. If nothing 
else, students became aware that what they learn in their composition 
classes does apply in other segments of the curriculum. Another experi- 
ment, to assess writing improvement, should be developed and carried out. 

It seems clear to us that biology teachers who stress expressive 
writing will work harder, have a heavier paperwork load, and will have 
co delete some biology topics from their program to allow time for writing. 
They will probably derive more satisfaction from their teaching expe- 
rience, however. Their students will learn the subject matter presented 
more thoroughly, and their papers, reflecting what the student actually 
understands, will be more interesting to read. The teacher will he able 
better to assess his own performance and enjoy the satisfaction of seeing 
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his students learn the principles of biology, improve their basic writing 

skills* and enjoy the class. 

[tarry Stookoy and I, impressed by the results of this experiment * 

will continue to use the expressive writing techniques cited in this 

paper with the following modifications: 

L Xeuron Kotes will not be assigned every day and they 
will be read by the teacher. We will not correct the 
papers, but will attempt to carry on a written dialogue 
with the student to increase his understanding of the 
subject. 

2. The Neuron Motes Activity* used in combination with 
Find of Class Summaries, lias a lot of potential for 
individualized instruction, We will continue to refine 
and develop this technique by increasing „ t e number of 
End of Cias:> Summaries and decreasing the number of 
iVeuron Xottt>, 

Perhaps what Harry Stookey and I have accomplished with this experi- 
ment is a pilot study that may stimulate others to experiment. We 
certainly gained some valuable insights into our own teaching methods; 
it was worth our time and effort. 
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Notes 



1 



To differentiate the 'VritLng for learning* 1 utilised for the purpose 
of this study from the usual forms of expository writing required in biol- 
ogy classes. I have adopted the functional categories described in Nancy 
Martin, et al. t Writing and Learning Across the Curriculwn 11-26 (London: 
Ward Lock Educational, 1976), pp t 22-23. Briefly* they define transaction- 
al writing as writing "in which it is taken for granted that the writer 
means what he says and can be challenged for its truthfulness to public 
knowledge; . . . the language most used in school writing. 0 Expressive 
writing^ by contrast, is more like written down speech, writing in which 
the writer "feels free to jump from facts to speculation to personal 
anecdote to emotional outburst and none of it will be taken down and used 
against him." It is this latter sort of writing we encouraged students 
to use as a learning tool in our classes. 

2 

Writing in Science^ Papers from a Seminar With Science Teachers > 
London; Schools Council Publications, 1976. 
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